In view of the environmental and health hazards posed by synthetic insecticides, the use of plant products as botanical insecticides has gained increasing in recent years. In this study, we reported the insecticidal activity of extracts isolated from Coptis chinensis. On crude extraction, among the various solvent types tested (water, 1% (w/v) of sodium hydroxide, 70% ethanol), the 70% ethanol extract showed the best insecticidal activity (36.5%). Three different fractions (n-hexane, chloroform and ethyl acetate) were obtained from crude extract (70% ethanol) of the chloroform fraction and found to have noteworthy insecticidal activity (62.9%) by filter paper contact bioassay. Their chemical structures were identified as 2-methoxy-4-vinylphenol and aniline by head space-GC-MS analysis. Both compounds displayed a dose-dependent insecticidal activity of Myzus persicae (Sulzer). Insecticidal activity at the lowest concentration tested (500 ppm) approached 85.4% in the aniline compared with 79.9% in the 2-methoxy-4-vinylphenol. The insecticidal activity was greater for the aniline than 2-methoxy-4-vinylphenol. It is believed that the insecticidal activity is due mainly to the presence of aniline.
INTRODUCTION
The peach-potato aphid, Myzus persicae (Sulzer), is a common pest of many agronomic and vegetable crops and has a worldwide distribution (Ramsey et al. 2007 ). This highly poly-phagous insect can cause direct injury to the plants by feeding on the leaves and extracting sap or indirectly injure plants by transmitting viruses (Flanders et al. 1991; Tagu et al. 2008) . It also secretes honeydew which attracts fungus causing the smutting of leaves and fruit (Gray and Gildow 2003) . The growth of sooty molds also hampers photosynthesis. M. persicae has a very high reproductive potential and can cause substantial injury to young plants thus causing eventual death (Petitt and Smilowitz 1982) .
M. persicae populations have developed resistance against synthetic insecticides (Blackman and Devonshire 1978; Bauernfeind and Chapman 1985) . These synthetic insecticides are the organophosphates, carbamates, pyrethroids and neonicotinoids, but only three biochemically different molecular target sites are attacked:
acetylcholinesterase ( Anstead et al. reported development of resistance in M. persicae to more insecticides than any other insect (Anstead et al. 2005) . As a result, it has been subjected to heavy insecticide treatment. (Martinez et al. 1999) . The indiscriminate use of chemical insecticides has given rise to many well-known and serious problems, such as the risk of developing insect resistance and insecticidal residual for humans and the environment (Ahmed et al. 1981 ). (Tsai et al. 2008) , antibacterial (Kong et al. 2009) , and antioxidative (Jung et al. 2009 ) and anti-inflammatory effects (Kim et al. 2010) , among others. Literature reports indicate that C. chinensis itself exerts its anti-inflammatory effects by down regulation of inflammatory cytokines expression (Kim et al. 2010 ) and inhibition of the activator protein and the nuclear factor-kappa B pathways (Remppis et al. 2010) . However, the insecticidal activities of extract from the C. chinensis have not been investigated. This study investigates the potential of extract from C. chinensis as an environmentally safe measure to control the peach-potato aphid, M. persicae.
MATERIALS and METHODS

Raw material and chemicals
Coptis chinensis was purchased from
Traditional Korean Medicine Pharmacy Market in Sancheong, Korea. The C. chinensis was dried in an oven at 40℃ for 2 days and finely powdered using a laboratory Wiley mill. The particles that passed through a 20-mesh sieve but were retained by a 40-mesh sieve were stored in a sealed plastic bag at -72℃.
2-Methoxy-4-vinylphenol (98% purity, MW = 150.17) and aniline (99% purity, MW = 93.13)
were purchased from Sigma-Aldrich (St. Louis, MO). 
Extraction
GC-MS analysis
The different fractions of crude extract were analyzed by static headspace gas chromatography-mass spectrometry (headspace-GC-MS).
The headspace-GC-MS analysis was performed with Clarus 600 gas chromatograph (Perkinelmer, The relative amounts of individual components were calculated based on the GC peak area (FID response) without using correction factors.
Bioassay
Adult alate of Myzus persicae (Sulzer), derived from a stock culture maintained on Nicotiana tabacum at 28 ± 1℃ in a greenhouse and a photo period of 14 : 10 (light : dark),
were used for all experiments. Each treatment contains three replications and twenty insects were used for each replication.
The different extract isolated from C. chinensis and the derivatives of 2-methoxy-4-vinylphenol and aniline were tested for their insecticidal activities against M. persicae (Sulzer) using a filter paper contact bioassay. A dose of 500 ppm, 1,000 ppm and 2,000 ppm of each extracts was applied to filter papers (Whatman No. 1). After drying under a fume hood for 2 min, each filter paper was placed in the bottom of a petri-dish (10 cm diameter × 4 cm), and then 20 adults of each test materials were placed in each petri-dish which was covered with a lid. Treated insects were held at 28 ± 1℃, 50 -60% relative humidity, and a 14 : 10 (light : dark) photoperiod. The insecticidal ac-tivity was determined at 48 h after treatment.
Test insects were considered dead if appendages did not move when prodded with a fine brush.
Negative control was prepared using distilled water. 2-Methoxy-4-vinylphenol and aniline (commercial chemical) was used as a positive control with the tested insect. All treatments were replicated three times.
Statistical analysis
The insecticidal activity was transformed to arcsine square-root values for analysis of variance (ANOVA). Treatment means were compared and separated by Scheffe's test at P > 0.05 (SAS 1990) . Means (± SE) of untransformed data are reported. (Hoogenboom et al. 2007 ).
RESULTS and DISCUSSION
According to the results of extraction yields and insecticidal activity of different solvent extracts (Table 1) , 70% ethanol extract (crude extract) was chosen for the subsequent fractionation.
Insecticidal activity of M. persicae treated with different solvent fractions by filter paper contact bioassay
In the current study, the toxicities of hexane fraction, chloroform fraction and ethyl acetate fraction isolated from C. chinensis were tested on M. persicae at 500, 1,000 and 2,000 ppm (Fig. 2) . Insecticidal activity (%)
Dose (ppm)
Hexane fraction
Chloroform fraction
Ethyl acetate fraction Table 2 .
The hexane fraction on analysis showed the Carvone (15.5%) was found as a major component along with β-amyrin (9.6%), acetate These results, the insecticidal activity of C. chinensis is mainly due to its major compound aniline and 2-methoxy-4-vinylphenol. Anilinebased derivatives were organic compounds that possess widespread chemical, agrochemical, and pharmaceutical applications (Pelucchi et al. 2006) . Also, aromatic amine was characterized by numerous toxicological manifestations (Williams et al. 2000) . Aniline showed strong contact toxicity.
2-Methoxy-4-vinylphenol was an aromatic substance used as a flavoring agent (Chu et al. 2011) . However, no reports on insecticidal activity 2-methoxy-4-vinylphenol against insects were available so far. The insecticidal activity of M. persicae was shown to be linearly correlated with aniline content (correlation coefficient being 0.9089) (Fig. 4) . It is believed that the insecticidal activity is due mainly to the presence of aniline (Fig. 5) . Further investigations examining the synergistic effect of aniline and other minor components on the insecticidal activity of C. chinensis are desirable.
CONCLUSION
In this study, the crude extract (70% ethanol) of C. chinensis and its three fractions (hexane, chloroform and ethyl acetate fraction) which were separated based on polarity indexes were examined for their insecticidal activities against were identified by head space-GC-MS analysis.
The chloroform fraction showed the highest insecticidal activity (62.9% in 2000 ppm). The major components of chloroform fraction were aniline (14.4%), 2-methoxy-4-vinylphenol (13.0%). The insecticidal activity was greater for the aniline than 2-methoxy-4-vinylphenol.
The insecticidal activity is accordingly believed to be attributable to the aniline component.
From the study, we conclude that, the extract of C. chinensis contains an array phytochemicals in it. The chloroform fraction of C. chinensis showed insecticidal providing evidence for its usage in botanical insecticides. This may provide a useful starting point for the development of botanical insecticides.
